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2 TRANSPORT AND DELIVERY: WHERE POLARIZATION ENTERS

Abstract

In the Aether Physics Model (APM), light transport is ledgered by the conserved content
ligt, while observable delivery and detection are ledgered by densities (e.g. lint) and receiver gate
functions. Polarization is therefore not merely a descriptive field attribute: it is a controllable
partition of ligt across orthogonal channels and, when coupled to loxodromic geometry, a sign-
definite activation of the Ledger-One rotation/torsion scale A, -curl. This paper provides a
QMU-native polarization ledger with three deliverables. (i) A Stokes-like polarization vector
S = (So, S1, S2, S3) whose intensity component is Sy = ligt and whose remaining components are
signed ligt-partitions between orthogonal polarization channels. (ii) A dimensional polarization
chirality carrier Cpo1 = s5, (A, -curl) = sthQ/\c2 that plays the same ledger role for polarization
that the loxodromic carrier Clox = (TgeoAc)(Ay-curl) plays for geometry-induced chirality. (iii)
A falsifiable sign-ledger extension predicting that helicity reversal (RCP«+LCP) must invert
the sign of nonreciprocal readouts in loxodromic photonic structures under fixed geometry and
branch state. The lead application is a bias-free optical isolator (polarization diode) built from a
loxodromic guide and a reprogrammable chiral boundary, optimized and verified using QMU
invariants and sign logic rather than SI-only performance numerics.

1 Motivation: polarization as a ledgered engineering control

In QMU work, the decisive advantage is not new vocabulary; it is the ability to separate transport
invariants from boundary participation and receiver gating. Polarization sits precisely at that
intersection. Conventional optics tracks field components and Stokes parameters; APM/QMU tracks
(i) conserved transport content, (ii) how geometry redistributes delivery, and (iii) how gates convert
delivery into events [Stokes, 1852, Born and Wolf, 2019]. A polarization technology program should
therefore satisfy three requirements:

Invariant discipline: lock the transported content ligt while sweeping polarization.

Ledger-native readout: represent polarization as a partition of ligt (not as an external

label).

Chirality coupling: treat helicity as a mirror-odd sign that can couple to loxodromic

geometry and yield sign-definite nonreciprocity without continuous external bias.

Reformatting is included (mapping Stokes-style observables into QMU), but the purpose is not
reformatting-only. The added claims are (a) a dimensional polarization chirality carrier anchored
to Ledger One, and (b) a sign-ledger prediction for helicity-controlled nonreciprocity that directly
specifies device truth tables and falsification criteria, extending the loxodromic chirality sign program
[Thomson, 2025].

2 Transport and delivery: where polarization enters

2.1

Conserved content and delivery density

Transport content is conserved as ligt. At a receiver plane, one convenient factorization is

ligt = lint - area,

which is a practical method for enforcing transport invariance experimentally.
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In inverse-square / cardioid transport form, the delivered density at radius r, = nA\¢ may be written

[Thomson III, 2026b]
ligt
lint(ry,, 0) = % c(9), Tn = NAC, (2)
Tn

with [ C(0)dQ2 = 1. Polarization enters this equation in two distinct ways:

o Axis-bias transport: polarization biases the angular delivery factor C(f) when a stable
propagation/polarization axis exists.

e Boundary participation: polarization activates surface or cavity channels through transfer
operators (guided modes, resonant coupling, chiral boundary selection).

For device development, Eq. (1) is the baseline discipline: keep ligt fixed before attributing any
polarization-dependent changes to “physics.”

2.2 Polarization as a transport anisotropy diagnostic

A minimal normalized axis-bias parameterization is
_ 1+ecost
N 47 ’
where € measures the strength of axis order in the delivery ensemble. This € is deliberately defined
as a transport diagnostic rather than a replacement for degree of polarization. It can be compared
across device scales by holding ligt constant and fitting the measured angular response R(0) o< C'(6)
in a fixed measurement convention.

C(0) 0<e<l, (3)

3 Chirality backbone: loxodromic carrier and sign ledger

3.1 Ledger One anchor

We adopt the Ledger-One closure as the rotational/torsional scale [Thomson, 2025]:
A, -curl = E2N\2 (4)

Using the mainstream anchor ¢ = FyA\¢, Eq. (4) corresponds to A, - curl = ¢?. With ¢? = 1/(poe0),
Ledger One provides a standard electromagnetic recognition of the propagation constant as a QMU
decomposition into rotational (Aether unit) and torsional (curl) geometries.

3.2 Dimensional loxodromic chirality carrier

Following the chirality ledger, define signed torsion 74, and handedness sign
Slox = SEN(Tgeo)- (5)
Then the dimensional loxodromic carrier is
Clox = (TgeoAc) (Ay - curl) = (TgeoAc) F2Ac?. (6)

This object is mirror-odd, geometry-selectable, and ledger-anchored. It is motivated by geometry-
induced chirality effects observed in materially non-chiral structures, where handed geometry
produces sign-definite chiral responses without an applied field [Xu et al., 2025, Thomson, 2025].
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3.3 Normalized nonreciprocity and its sign ledger

Define the normalized splitting [Thomson, 2025]

Af
Agp = —.
9= (7)
The established sign ledger is
Sgn(Agf> = Pk Slox Mrem, (8)

where pi, = +1 denotes propagation direction, mye, = £1 denotes a reprogrammable branch state
(history state), and sjox is set by handed geometry. The engineering value is that device behavior
becomes predictable under discrete sign flips, even while remaining compatible with the broader
constraints of optical reciprocity theory [Potton, 2004].

3.4 Geometry knobs (dimensionless design variables)

Use QMU-normalized geometric controls [Thomson, 2025]

- r - p z
- N 9
r AC7 p )\C’ C ( )

with the natural axial choice k = 27 /p when pitch sets the axial periodicity.

4 QMU-native polarization ledger

4.1 Stokes vector as a partition of ligt

At a chosen measurement plane, define channel-resolved contents (linear and circular analyzer
partitions) and then define a Stokes-like vector S = (Sp, S, S2,S3) by [Stokes, 1852, Born and Wolf,
2019]

So := ligt, (10)
Sp = ligt g — ligty,, (11)
S = ligt 45 — ligt_45, (12)
S3 1= ligtp — ligt . (13)

Each S; carries the QMU dimension of ligt; the normalized components s; = S;/Sp are dimensionless
and satisfy s + s3 + s3 < 1.

This mapping is ledger-first: polarization sweeps are expressed as re-partitions of a fixed Sy = ligt,
preventing accidental conflation of coupling-family changes with transport variation.

4.2 Circular polarization chirality as a sign variable

Define the normalized circular polarization component

S
bc = S3 € [_171]’ (14)
0
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and define the helicity sign (for nearly pure circular states)
sp i=sgn(po) € {+1,—1}. (15)

Linear polarization corresponds to pc = 0 (no net helicity sign).

4.3 New claim: a dimensional polarization chirality carrier

To couple polarization chirality into ledgers (and not merely into intensity ratios), define the
polarization carrier
Chol := 81, (Ay - curl) = s, F* A% (16)

Interpretation: Ciq is the sign-definite activation of the Ledger-One scale by the transported
polarization state. It becomes physically operative when a boundary or gate supplies a pseudoscalar
selector (loxodromic geometry, a chiral metasurface boundary, or a handed surface state). The
defining feature is that Cp1 is dimensional and mirror-odd, matching the role of Clox for geometry-
induced chirality.

5 New sign ledger: polarization-programmable nonreciprocity

5.1 Polarization-reversal vs propagation-reversal

Equation (8) is stated in terms of propagation reversal py — —pi. The polarization analogue uses
helicity reversal s;, — —sj, as the parity operation. The paper-level hypothesis is:

Hypothesis H1 (helicity sign extension). For a loxodromic photonic structure in a fixed mode
family, the sign of the normalized nonreciprocity obeys

H1
Sgn(Agf) = Pk Slox Mrem Sh- (17)
In helicity-reversal experiments where py, is held fixed, Eq. (17) reduces to sgn(Ags) = Siox Mrem Sh-

This is not an intensity-only statement. It is a sign-definite prediction: if the device readout is
genuinely governed by a loxodromic pseudoscalar product, then reversing a single sign factor reverses
the measured sign.

5.2 Two-channel magnitude template (downscaling enhancement)

We use the same engineering template as the loxodromic chirality program [Thomson, 2025]:
magnitude is controlled by a sum of geometric channels. We propose the fit form

A(k, 0) N B(/Z;,e)] | as)

Agf = (pk Slox Mrem Sh) [ 2

=

for mode-family functions A, B. The engineering prediction is downscaling enhancement: at fixed
(k,0) and fixed mode family, the magnitude increases as 7 decreases, while the sign is controlled by
the discrete pseudoscalar product.
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6 Lead application: a bias-free optical isolator (polarization diode)

6.1 Operational definition

An isolator is operationally a two-port element with direction-dependent transmission. A polarization
diode is an isolator-like element where discrimination is controlled by polarization chirality: one
helicity is preferentially transmitted for one direction and/or state, while the opposite helicity is
preferentially transmitted for the opposite direction and/or state. For standard optical engineering
definitions (and what does not count as isolation), see Jalas et al. [2013], and for a compact
reciprocity treatment useful for experimental controls, see Potton [2004].

In this paper, bias-freec means: the sign ledger is supplied by geometry handedness sjoy, an internal
branch state mem, and the polarization sign sp, not by a continuously applied external bias field
(e.g. Faraday rotation magnets) [Jalas et al., 2013].

6.2 Architecture: loxodromic guide + reprogrammable chiral boundary

A practical near-term architecture is:

o A loxodromic waveguide or cavity providing sj,x (RH/LH helix geometry).

o A reprogrammable boundary element providing myem (e.g. a phase-change chiral metasurface
whose circular dichroism can be switched) [Tang et al., 2024].

« Polarization control to prepare pc = £1 (RCP/LCP) while holding Sp = ligt fixed.
The isolator readout can be measured as either:

« a normalized spectral/phase proxy (e.g. Agy = Af/F, extracted from resonance splitting,
group delay sign, or phase slope), or

e a directional intensity asymmetry
R AN

n= Iy +1_

where the sign convention is fixed by the laboratory port labeling.

(19)

Bias-free operation is distinct from integrated magnetic-free isolator demonstrations in mainstream
photonics, which typically rely on engineered nonlinearity, spatiotemporal modulation, or other
mechanisms to break reciprocity conditions at the circuit level [Sounas and Alu, 2017, Tian et al.,
2021, White et al., 2023].

6.3 Device truth table (four discrete sign controls)

Under Hypothesis H1, the sign of any properly defined nonreciprocity readout flips under any single
inversion:
Slox =7 —Slox; Mrem —7 —Mrem, Pk —7 —Pk;, Sh —7 —Sh-

This gives a programmable device: toggling my ey, flips isolation polarity without changing geometry;
toggling s, flips which circular state is favored in the same physical device state. This is the
engineering core: the device becomes a pseudoscalar logic element whose truth table is enforced by
sign-ledger structure rather than by parameter tuning.



8 EXPERIMENTS AND FALSIFICATION CRITERIA 6

7 Gate-based polarization metrology: contrast vs landmark shifts

The coherence-window framework introduces the dimensionless frequency ratio v* = v/F,, the

coherence window 7, = 7,F, and the integer cadence count [Thomson III, 2026a]

N*) := {V* Tg*J , (20)

with gate opening when N(v*) > Ny. For polarization technology development, the crucial rule is
to separate:

o Contrast/efficiency effects: polarization changes an effective coupling factor (step heights,
event probability), typically reported as n(pol).

+ Landmark shifts: polarization changes gate-maintenance physics, shifting 7 (pol) and/or
No(pol), i.e. changing the threshold landmarks at fixed ligt.

A polarization-programmable detector exists if, with ligt held constant, one finds repeatable
7, (RCP) # 7/ (LCP) and/or No(RCP) # No(LCP).

This is a distinct technology lane from intensity polarimetry: it is polarization-to-threshold trans-
duction.

8 Experiments and falsification criteria

8.1 Protocol 0: lock transport

Before any polarization claim, enforce transport invariance by keeping Sy = ligt constant via Eq. (1)
(or an equivalent transport card) while polarization is swept. This removes false positives where a
polarization change accidentally changes delivered content.

8.2 Helicity reversal sign test (primary falsifier)

Build or procure a loxodromic photonic element with known sjox. Choose a fixed branch state myem.
Measure a nonreciprocity readout (either Agy or ) under RCP and LCP with ligt held constant.
Hypothesis H1 requires a sign flip under s, — —sj, at fixed (pg, Siox, Mrem)-

Falsification is straightforward: if the readout sign does not invert under helicity reversal while all
other controls are held fixed and the readout definition is consistent, then Eq. (17) fails for that
device class.

8.3 Structural handedness and branch toggling tests

Repeat after (i) swapping to the mirror-geometry element (sjox — —Siox) and (ii) toggling the
reprogrammable boundary state (myem — —Myem). The sign flips are required by Eq. (17). These
tests also guard against spurious birefringence artifacts: true pseudoscalar coupling must follow the
sign logic.
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8.4 Downscaling enhancement test

Fabricate a family of geometrically similar devices with fixed (l},ﬂ) and decreasing 7. Fit magnitude
to Eq. (18). A successful collapse to a common A(k, ), B(k,0) family across scales supports
QMU-normalized geometry as the controlling description for device optimization.

9 Discussion: what is new here

Three contributions go beyond reformatting:

1. Ledger-native polarization: polarization is represented as a signed partition of the conserved
transport content ligt (Egs. (10)—(13)), enabling invariant locking and clean attribution of
effects.

2. Dimensional polarization chirality carrier: Cp,, = s,(A, - curl) (Eq. (16)) promotes
helicity into the same Ledger-One scale that anchors loxodromic chirality.

3. Sign-ledger extension for helicity control: Eq. (17) specifies a device truth table and a
minimal falsification suite for bias-free isolation-like behavior controlled by helicity, geometry
handedness, and branch state.

These are directly actionable for engineering: they tell you what to build (loxodromic guides,
reprogrammable chiral boundaries), what to measure (sign flips, downscaling trends), and how to
report (QMU invariants plus discrete sign controls).

10 Conclusion

Polarized light in APM/QMU is quantified most cleanly when treated as (i) a ledger partition of
conserved transport content ligt and (ii) a mirror-odd chirality sign that can activate the Ledger-
One rotation/torsion scale and couple into loxodromic boundaries. We defined a QMU-native
polarization Stokes vector with Sy = ligt, introduced a dimensional polarization chirality carrier
Cpol = Sp(Ay - curl), and proposed a falsifiable sign ledger sgn(Ag¢) = piSioxMremsy for polarization-
programmable nonreciprocity. The lead application is a bias-free optical isolator (polarization diode)
implemented as a loxodromic guide plus a reprogrammable chiral boundary, whose operation is
verified by discrete sign-flip tests and optimized by QMU-normalized downscaling.

A Experimental Protocol: Helicity-Reversal Sign Ledger (HRSL)

To validate Hypothesis H1, we define a protocol that isolates the pseudoscalar coupling from
transport artifacts. The objective is to demonstrate that the readout sign is governed by the discrete
product of geometry, branch state, and helicity.
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A.1 Protocol 0: invariant transport locking

Before characterizing the device nonreciprocity, enforce the invariant transport condition:

set - (21)

In practice, this requires feedback between the polarization state generator (PSG) and the source
power so that any observed Agy is a redistribution of content (a ledger event) rather than a simple
change in delivered density (lint).

So(RCP) = S,(LCP) = ligt

A.2 The pseudoscalar truth table
We define the nonreciprocal readout Agy as the primary diagnostic. The protocol requires a

four-quadrant sweep of the discrete control variables {p, Siox, Mrem, Sn }- The predicted device truth
table is given in Table 1.

Table 1: HRSL Truth Table for Bias-Free Isolation Validation.

Test ID Prop. (pr) Geom. (siox) Branch (mpem) Helicity (s,) Predicted sgn(Agy)
A (Baseline) +1 +1 +1 +1 (RCP) +
B (Helicity Flip) +1 +1 +1 ~1 (LCP) -
C (Branch Flip) +1 +1 -1 +1 (RCP) -
D (Direction Flip) -1 +1 +1 +1 (RCP) -

A.3 Falsification criteria

A successful validation of the QMU-native polarization ledger requires that:

1. Sign inversion: a single flip in any variable (e.g., s, — —sp) must invert the sign of the
readout Agy.

2. Parity restoration: a double flip (e.g., reversing both propagation direction py and helicity
sp) must restore the original sign.

3. Magnitude collapse: when corrected for the sign ledger, the magnitudes for all states must
collapse onto the common QMU-normalized scaling curve:

|Agy| = A(];’ 2 Bfg o) (22)

Failure to observe a sign inversion under helicity reversal (Test B) while holding Sy constant
constitutes a direct falsification of the loxodromic coupling model for that specific device architecture.
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